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S'LSSES S a™ wi'nT^-.tation. occur * ^f-^ 
ol fcuaXs cell carcinoma (SCO, „e studied alterations o this 

^ +-v,o v^m^^r cheek-pouch carcinogenesis model by using 
SS-Sl^ciSSi string and polymerase chain --ion-sing e-strand 
conformation polymorphism (PCR-SSCP) analysis £"-owed by direct DNA 
<^miencina Twenty four hamsters were treated with O.b* 

in d53 staining were due to P 53 gene mutation we used PCR-SSCP 
iSd direct sequencing. PCR products corresponding to exons 5a, 6, 7, and 8 
f rem ^53-cosiSve tutors showed shifted bands (four tumors in exon 5, two 
fHxon e! one In exon 7 and two in exon 8) . Direct sequencing of some of 
the shifted bands revealed three Rations. Two of the 

This study and additional 
ligations of this suppressor gene in -crodissect ed -ions may 
better define the mechanisms of carcinogenesis m the hamster cneeK pou 
mode^and may provide a new marker of progression for chemoprevention 



studies . 
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TI The specific N-ras mutation in rat d leukemia (Meeting 

7, 12-dimethylbenz [a] anthracene ( DMdAJ mauc^u 

abstract) . . 
S pitiSo^ ™~ Biology^ '».^ .f H.dicin.. Kyoto 

Japan, October 29-November 3, 1995 . 
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£ institute for Cell and Developmental Biology 
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cultured leukemia cell lin " ™ y a * d direct sequencing (Osaka et 

DMBA bv polymerase chain reaction (PGR) ana an^ ^ ^ 
DMnA Dy poxy q, .o 5 _ 31 1995.). On the contrary, no mutation 

in earlv staqe of preleukemia, we designed the mutant 
-anS-specific amplification (MASA) method to detect the 
station in bone mamow (BM) cells of DMBA-treated rats. 
S£"£S£ method was sensitive enough to detect one mutant among 
10(6) normal cells. Using this method, the N-ras 

suggest the importance of the N-ras mutatxon as an earliest 
event in DMBA-leukemogenesis . 
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AB The mutagenicity or rne two luajw /w7ralanthracen-7- 

7-bromomethylbenz [a] -anthracene,- N2 - ^ ^ ^^Sracen-7-ylinethyl ) • 
ylmethy^^'-deoxyguanosxne (b ^ jf^/^^ l b i nzy l a ted analogs 

N lSnS-2 ■ -derxyguanis^i (^sfand N 6-benzyl-2 ■ -deoxyadenosine (bn6A) 

benzy± i. u *y Ad293 human cells. In our E. 

was examined in both E. coll and Aa aralkylated 
coli site-specific mutagenesis system none without 
adducts exhibited any significant mutagenicity with or without 
SOS induction. In our human cell site-specitic 

„•:«, =7<!tem bn2G and bn6A exhibited weak 
"SSSSW > bI.].2G and b[.1.6A »=« »i*>" l "°"* 

SSSS. « th. .it. of th. adduct b a,a 2 P^-f t = a < ± L» 

s^lng "i«-sp.=ific Lt.g.ne.i. b? crcinogen-modifl.d D»A 

bases in human cells > 
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mutagenesis by carcinogenic polycyclic hydrocarbons. 
AU Huberman E 
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*B «roScSn ofT polycyclic hydrocarbon such as benzo (alpha) pyrene 
(BP) into normal golden hamster embryo cell cultures results, in 
addition to cytotoxicity, in malignant cell transformation. 
Studies on the effect of different doses of BP on the normal cells 
snowed that the frequency of transformed colonies was directly related to 
the dose of the carcinogen. Analysis of this dose-response curve suggests 
a one-event ("one-hit") response for transformation by this carcinogen, 
^one-event response for transformation by """^^ 
hydrocarbons and the fact that these carcinogens bind to DMA in 
susceptible cells suggests that transformation can involve a 
single alteration in the genetic constitution of the treated cells 
. Carcinogens may, therefore, produce somatic mutations, some ot 
which may involve the genes that control malignancy. Recently, 
considerable progress has been made in developing models for the study of 
r hpmi r.al mutaaenesis in mammalian cells. Using 

rStancrSTazaguanine as a marker, positive correlations between 

mutaaenicity and transformation were obtained with chemically 

?eaSve carcinogens such as N-acetoxy-N-2-f luorenyl-acetamide 

N-methyl-N'-nitro-N-nitrosoguanidine and K- region epoxides of polycyclic 

hydrocarbons. However, no such correlations were obtained with the 

carcinogenic polycyclic hydrocarbons themselves, since the cell 

lines used in chemical mutagenesis do not metabolize these 

carcinogens. In order to obtain better correlations, we have developed a 

cell-mediated mutagenic assay with carcinogenic 

hydrocarbons in which Chinese hamster cells, which are 

susceptible for mutagenesis, were co-cultivated with lethally 

irradiated rodent cells that can metabolize these compounds. 

Using this cell mediated assay, we obtained mutagenesis 

with the carcinogenic hydrocarbons 7 , 12-dimethylbenz (alpha) 

, n H,r»™ne (DMBA) , BP, 3-methylcholanthrene and 

rmSnySenz(a?pna)an;hracene; the most potent carcinogen, DMBA, 

qave the highest frequency of mutations. The polycyclic 

hydrocarbons, pyrene and benz (alpha) anthracene, which are not 

carcinogenic were also not mutagenic We have therefore lic 

demonstrated a relationship between the carcinogenecity of polycyclic 

hydrocarbons and their mutagenicity in mammalian cells 

, without having to isolate their reative metabolic intermediates. It 

should be possible to use in this system human cells from 

different organs and individuals to screen for environmental chemicals 

hazardous to humans which have to be metabolically activated. 
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Th^ TnPtabolic activation of 7 -me thylbenz (a) anthracene . the 
Induction of maUgnant transformation and mutation in mammalian 
cells by non-K-region dihydrodiols. 
5 y Tierney B; Grover P L; Sims P 

To wl™^ ^ J - 15 > 19 (6) 828 " 33 - 

Journal code: 0042124. ISSN: 0020-7136. 
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AB 



to induce the in vitro malignant transformation of mouse M2 
fibroblasts and mutations in V79 Chinese hamster cells 

Sri ^i^^^p^^- 1 ^ - 

ShySnz (a) anthracene is most probably involved xn the 
mp1 .i nl i c activation of 7 -met hylbenz (a) anthracene presumably 

conversion into the related diol-epoxide, 3, 4-d.hydro-S, 4- 
dihydroxy-7-methylbenz (a) anthracene 1,2, oxide. 
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cells by organ-specific carcinogens. 
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Entered Medline: 19800726 art ivate 
Rat mammary gland cells have bee^-ed^o activate ^ 
chemical procarcinogens ° - a n , ^Lter V-79 

8y Sr^^^^« S the manmarY CellS ; "^and 

focus Nations tested for were resistance to - - 

SS^S^SSSi =d C I "either epithelial or stroma! 

^^r^^^s 93 ^^ of the , m r a ry 

mutation irequeii<-y _ 9-dimethvlbenz (a) 

T he mammary carcinogen 7, aimewyiu \ , 
cells, me indium * Hose-dependent enhancement of 

anthracene exhibited a dose aepena dd d t the cocu ltures, 

station frequency and ^toxicity when add ^ ^ be 

whereas the hepatocarcinogen aflatoxin Bl ai ific 
useful in examining some of the ^f^^^^Jt or carcinogenic 
carcinogenesis and also may act as a screening y 
environmental contaminants. 
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r„r^ and liver cell-mediated mutagenesis systems, 
s^cificitierirthe activation of chemical carcinogens. 
Langenbach R; Nesnow S; Tompa A; Gingell R, Kuszynski C 
NC 5-R01-CA20022 (NCI) 
SO CARCINOGENESIS, (1981) 2 (9) 851-8. 
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AB A liver and lung cell-mediated- V7 9 cell , , . 

Mutagenesis system using intact cells as -tabolic 

• C S7££ S^oxS:.^ -S^'SSiSl carcinogens. Primary 
cells trom tnese oj.y Spraque Dawley rats 

detect »Ug»io ^"^Xl»Jhr.ne, were mire active in the lung 
"Sr: ^"t». Be„„,,,pyre„e <»[.!P) - 
E» in the liver c.ll-m.diated system but mutagenic 
to V79 cells in the lung „ell-medi,t.d sy, «»• o£ llvet 

Mmethylnitrosamine (DMH) »M inactive in the presence 

.r^^^^™^'^?^^^. carcinogens 
„„ orimarv cell systems was investigated. DMN was 

«tS:iS/ b n^ut Lt b y ^~- :;i r:-s.— 

.^i^^r^TSSSuW ^ r^S-hclfc prcducte were 
^f i Thrh l ,h £ p":"re"^ q u 1 d"chroit o r. ^"com^ing^ta! organic 
SSr Lr^e^taholite , lung .11, 

liver cells, while liver cells ? rod "f ? u ^ 1C Th f; ata suggeS t that intact 

investigated by this approach. 
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TI The use of DNA-repair-def icient mutants of Chinese hamster ovary 
cells in studying mutagenesis mechanisms and testing for 
environmental mutagens. 

AU Thompson L H 

SO BASIC LIFE SCIENCES, (1983) 23 217-46. 
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AB Our laboratory has taken a somatic-cell-genetics approach to the 
study of mutagenesis by utilizing mutant strains of 
Chinese hamster ovary (CHO) cells that are deficient in DNA 
repair processes. From more than 150 UV-sensitive strains tested, five 
complementation classes were identified, and representative 
mutants were found to be defective at, or before, the incision 
step of excision repair. A representative mutant, strain UV-5, 
was compared with the parental strain in terms of cytotoxicity and 
dose-response curves for mutation induction after treatment with 
UV and several chemicals that are known to produce large adducts m DNA. 
Excision repair in normal CHO cells protects against both 
cytotoxicity and mutagenesis, but the degree of protection 
depends on both the agent and the genetic marker used for detecting 
mutations. Upon treatment with low doses (100% cell 
survival) of the polyaromatic hydrocarbon 7-bromomethylbenz (a) 
anthracene, repair-deficient UV-5 cells had linear 
responses for mutation induction to thioguanine resistance or 
azaadenine resistance, whereas the normal repair-proficient cells 
showed curvilinear responses in which the slope increased with dose. This 
behavior suggests that in the normal cells the repair system 
acting on potentially mutagenic lesions becomes saturated at 
doses that produce cytotoxicity. In no instance was a lower 
mutation frequency induced in UV-5 cells than the 
parental cells, at a given dose of mutagen, suggesting 
that the excision repair system is error-free in normal CHO cells 
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TI Hypersensitivity to cell killing and mutation «„4„«t- 
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AB A strain of Chinese hamster ovary cells that is deficient in 

nucleotide excision repair, strain UV5, was compared with the normal 
parental CHO cells in terms of cytotoxicity and 

mutagenesis after exposure to several chemical carcinogens that 
are known to produce bulky, covalent adducts in DNA. Induced 
mutations were measured at the hprt locus using thioguamne 
resistance and at the aprt locus using azaadenine resistance. The 
compounds tested that required metabolic activation (using rat 
or hamster microsomal fractions) were 7, 12-dimethylbenz (a) 
anthracene, 3-methylcholanthrene, benzo (a) pyrene, aflatoxin Bl, 
2-acetylaminofluorene, and 2-naphthylamine . The direct-acting compounds 
,+/_) _r-7, t-8-dihydroxy-t-9, 10-epoxy-7, 8, 9, 10-tetrahydrobenzo (a)pyrene, 
N-acetoxy-2-acetylaminofluorene, and N-OH-2-naphthylamine were also 
studied. For all compounds except 2-naphthylamine and its active 
metabolite, the repair-deficient cells were significantly more 
sensitive to killing than the normal CHO cells. Mutation 
induction at both loci was also more efficient in UV5 cells m 
each instance where enhanced cytotoxicity was observed. By using 
tritium-labeled N-acetoxy-2-acetylaminof luorene, normal and mutant 
cells were shown to bind mutagen to their nuclear DNA 

with similar efficiency, and a greater amount of adduct removal occurred 
in the normal cells. From this study it is concluded that the 
use of excision repair-deficient CHO cells provides enhanced 
sensitivity for detecting mutagenesis and that a positive 
differential cytotoxicity response gives an indication of repairable, 
potentially lethal genetic damage. 
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Development of murine epidermal cell lines which araftS on 

contain an activated rasHa oncogene and form papillomas in skin grafts on 

StSLnfj EHreenSgh D A; Koceva-Chyla A; Hennings H; Restrepo C; 

LabTrSory^/cKlular Carcinogenesis and Tumor Promotion, National Cancer 
Institute, Bethesda, Maryland 20892. 
CANCER RESEARCH, (1988 Jan 1) 48 (1) 165-9. 
Journal code: 2984705R. ISSN: 0008-5472. 
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We have developed four murine epidermal cell lines 

^^^,^^^^^-^~ oe was 

and promotion with 12-0-tetradecanoylphorbol-13-acetate . Line 308 was 
derived from BALB/c mouse skin initiated in vivo with 
7, 12-dimethylbenz (a) anthracene, culture of the epidermal 

11- ,nH Selection of cells resistant to Ca2+-induced 
tSnal differ^ntiation Line LC14 was derived from untreated, cultured 
newborn BALB/c mouse primary epidermal cells which 
spontaneously developed resistance to Ca2+-induced terminal 
differentiation. Each line has an activated rasHa gene with a 
mutation within codon 61. Cells from all four lines, m 
SntSst to normal primary epidermal cells, survive in medium 
wi?h"a2+ levels greater than 0.1* Clonal growth studies in culture 
Sowed a unique growth pattern for each of the four lines in medium with 
1 4 mM and 0 OS mM Ca2+, with or without 12-0-tetradecanoylphorbol-13- 
acetate. Early passage cells of these lines should provide a 
valuable resource for detecting genes or genetic alterations which 
complement an activated ras gene to cause malignant conversion and for 
studying the biology of tumor promotion. 




tumor and sugges 



t that it could be involved in tumor regression. 
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Entered Medline: 19910110 determined as a function 
AB The frequency of Ha-ras notations w derived from rat 

of neoplastic progression in cell lines « h lbenz[a] 

»SSSrSsLwhF - - - - 

o f n „»n lines One of the positive cell lines was 
2 of 11 cell }™ es - °"r h was neither tumorigenic nor anchorage 
tumorigemc, but ^ ° th " " a * ^ck 0 f correlation between neoplastic 
independent, thus indicating * °* "" is of the RFLP bands 

these results and did not reveal any other mutations m this 
region of the Ha-ras gene. 
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l,2-Dimethyl-9, 10 benzanthracene "duced adrenalectomy on 

malignant fibrous histxocytoma in rats and the 
tumor growth. 

fediSic Pa^ogy^nit, Hacettepe University Medical School, Ankara, 

Dogf- Turkish Journal of Medical Sciences, (1993) 18/2 (115-126). 

fsSN: 1010-7584 CODEN: DTJSEX 
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Comparison of target organs of carcinogenicity for mutagenic and 

non-mutagenic chemicals Bonnie R. ; Bernstein, Leslie 

Gold, Lois Swirsky; Slone, Thomas H. , Stern, nme , 

Life Sci. Div., Lawrence Berkeley Lab., Berkeley, LA, , 

Mutat. Res. (1993), 286(1), 75-100 

CODEN : MUREAV; ISSN: 0027-5107 

Journal 

English m ,+- a rienq and non-mutagens is presented 

A comparison of target organs for ™ ™° Database (CPDB) 

for 351 rodent carcinogens in the Carcinog " lt / a „ consist ent with 
with mutagenicity evaluations in ^Imonell^ Results « tant ln 

the hypotheses that in h «h-dos= rodent tests mitog ^ ^ 

the carcinogenic response for ^ £ £ c , IC L oge „icity because 

r.y 9 c.n til *ZXTZltl { and ca^ o^i division at 

in , wide variety ^.^"J^Te the^mo t « S.^ for both: 79. or 
=y giand. 1 "^: ^ | 

plrticularlfrget organ" £""^.1" gland and Sidney. X compendium 

of bioassay results is presented. 
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TI In vitro and in vivo chemopreventive properties of a soybean 

peptide (lunasin. 
AU Lam, Yi (1); Chen, Na (1); de Lumen, Benito (1) 
CS (1) University of California, Berkeley, CA USA 

SO FASEB Journal, (March 7, 2001) Vol. 15, No. 4, pp. A281. print. 
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AB Lunasin is a non-abundant 43-amino acid peptide found in soybean and 
contains an -RGD-cell adhesion motif followed by 8 aspartic acid 
(D) residues at the carboxyl end. Previous studies have demonstrated the 
ability of lunasin to bind to chromatin, leading to disruption of 
kinetochore formation and inhibition of mitosis when the lunasin 
gene is transfected into mammalian cells. Experiments 

reported here indicate that lunasin peptide can inhibit carcinogenesis 

both in vivo and > in vitro. We studied the effect of topically 

applied lunasin in a two-stage protocol of skin carcinogenesis in female 

SENCAR mice. At 13 weeks of age mice were initiated with 5 mug 

7, 12-dimethylbenz (a) anthracene (DMBA) , and promoted with 2 mug 

12-0-tetradecanoylphorbol-13-acetate (TPA) twice per week for 19 weeks. 

Starting from the week prior to DMBA administration till the end of the 

study, mice were subjected to 2 . 5 mug, 25 mug or 250 mug of lunasin 

peptide applied topically in 100% ethanol weekly. A significant reduction 

in tumor incidence and tumor latency was observed in the high-dosage (250 

mug/week) lunasin group but not in the low (2.5 mug/week) and medium (2.5 

mug/week) dosage groups. These results demonstrate that high dosage of 

lunasin is effective in inhibiting skin carcinogenesis and this effect 

could have been exerted during the initiation or the promotion stages. 

Lunasin peptide has also been shown to suppress ras induced transformation 

of mouse fibroblast NIH 3T3 cells in vitro by 40% at a 

concentration as low as lOOnM. Lunasin had an irreversible effect on 

ras-transformation process since treatment with lunasin for 3 days was 

effective in suppressing transformation. Lunasin can suppress foci 

formation even when added 7 days after ras transfection of 3T3 

cells. Using various deletion mutant forms of lunasin in 

the foci assay, we found that the polyaspartic end of lunasin is 

necessary for the transformation suppression effect. Furthermore lunasin 

reduced anchorage independent growth of stably ras-transf ected 

mouse fibroblast cells by 40% in a colony formation 

assay. In addition, Western analyses show that lunasin increases 

p21 expression in ras-transf ected cells. 
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General Hospital, WACC 336, Boston, MA 02114, United States 
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AB Objective: To investigate whether a high-fat/high-protein diet (HFPD) acts 
as a promoter of the natural course of cancer growth in the 
7, 12-dimethylbenzanthracene (DMBA) -induced ductal pancreatic cancer model 
in rats. Summary Background Data: DMBA implantation to the rat 
pancreas induces ductal adenocarcinoma. Information regarding the effects 
of diet and the presence of K-ras mutation in this model is not 
available. Methods: Rats were randomly assigned to regular rat 
chow or a diet with a 30% content in fat and protein (HFPD) . The 
presentation of cancer, the histologic spectrum of neoplasia at 1 and 9 
months, and the prevalence of cancer in relation to diet were assessed. 
Histologic specimens comprising normal ducts, hyperplasia, 

dysplasia/carcinoma in situ, or carcinoma were designated by a pathologist 
and microdissected. Genomic DNA was extracted, and K-ras and H-ras 
gene mutations were determined by a mutant 

-enriched polymerase chain reaction assay and direct sequencing. 
Results: Rats fed HFPD increased their weight significantly compared with 
controls. DMBA induced characteristic stages of neoplasia at the implant 
site but not elsewhere. Macroscopic cancers of the pancreatic head 
presented regularly with common bile duct and gastric outlet obstruction. 
The prevalence of K-ras mutations was proportional to the degree 
of epithelial abnormality. K-ras mutations were significantly 
more frequent in cancer than in normal and hyperplastic ducts. H-ras 
mutations were not found. At 1 month in the HFPD- fed rats, the 
prevalence of cancer (16%) and dysplasia (16%) was not significantly 
different from the prevalence of cancer (29%) and dysplasia (8%) in the 
chow-fed rats. At 9 months the prevalence of cancer in the HFPD-fed rats 
increased to 29%, whereas that in the chow-fed rats decreased to 17%. The 
combined prevalence of cancer and dysplasia at 9 months in the HFPD-fed 
rats (34%) significantly exceeded that in the chow-fed rats. Conclusions: 
DMBA induces characteristic stages of neoplasia in the evolution of ductal 
pancreatic cancer in rats. K-ras mutations occur progressively 
in the ladder of oncogenesis, as in human pancreatic neoplasms. The 
addition of a diet with a high fat and protein content acts as a promoter 
of carcinogenesis, possibly by interfering with repair mechanisms and 
natural regression of early lesions. 
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AB Data from the authors' and others' laboratories pertaining to the 

mechanism of activation and involvement of ras oncogenes in human and 
carcinogen-induced animal tumors are reviewed. High proportions (79% and 
72%, respectively) of N-nitroso-N-methylurea (NMU) -induced mammary 
carcinomas contained H-ras-1 oncogenes in experiments with Buf/N or 
Sprague-Dawley rats. A polymorphic Mnl I DNA fragment was generated and 
used in a gene transfer assay for the presence of 
mutated H-ras-1 gene. Altogether, 61/71 NMU-induced 
tumors scored positive in the Mnl I assay, including 32/61 for 
Buf/N and 23/61 for Sprague-Dawley. Of these 55 mammary ^^^/^g 
to contain H-ras-1 oncogenes by molecular assays, only 48 (30 Buf/N and 18 

These 



Sprague-Dawley) scored positive in gene transfer assays. These 
observations suggest a close association between mutagenesxs in 
this specific polymorphic Mnl I fragment of the H-ras-1 locus and tumor 
development. Nonadecamers were generated that were capable of identifying 



substitutions in position 35 (specific point mutations) in 
genomic DNA. This^residue is the only nucleotide of the Mnl I cleavage 
site that can alter the coding properties of the critical twelfth codon of 
the H-ras-1 gene. With this system, the presence of activating 
deoxyquanosine to deoxyadenosine or deoxythymidine mutations of 
H-ras-1 oncogenes was demonstrated unequivocally in DNA isolated from 
tumor tissues. Using a nonadecamer probe complementary to the 61st codon 
(CAA) and flanking sequences of the normal rat H-ras-1 locus, it 
was shown that each of the five H-ras-1 oncogenes present in 
7, 12-dimethylbenz (a) anthracene-induced mammary carcinomas 
harbored mutations in the region of the 61st codon. It was 
further demonstrated that the G to A mutations present in each 
of the NMU-induced H-ras-1 oncogenes do not result from either positive 
growth selection or specific repair systems. Instead, the malignant 
activation of the H-ras-1 locus in NMU-induced mammary carcinomas results 
from the direct mutagenic effect of NMU on this locus. It is 
very likely that some environmental carcinogens might initiate human 
tumors by activating ras oncogenes. (50 Refs) 
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cells harboring spontaneous oncogenic Ha-ras-1 gene 

mutations . 
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AB The overall goal of this project was to directly measure the number of 

cells harboring the specific oncogenic mutations in 

target tissues of animals before and after carcinogen ^ exposure . The 
NMU-induced rat mammary tumor model was chosen. The direct 
measurements of the specific ras mutants in animal tissues 
required the development of a polymerase chain reaction (PCR) -based 
procedure (mismatch amplification mutation assay or 

MAMA) which could detect the G-to-A transitions at the 12th codon of the 

Ha-ras gene present at a frequency of 10 (-5). This procedure was 

then applied in measuring the number of specific ras mutants in 

the mammary epithelium before and after NMU exposure. Based on these 

results, it was concluded that the NMU-induced mammary tumors carrying the 

specific Ha-ras gene mutations arose from pre-existing 

ras mutants. Presumably, an independent effect (s) of NMU in one 

of these mutant cells was responsible for tumor 

formation. In an attempt to investigate molecular mechanisms underlying 

tissue specificity in NMU-induced tumorigenesis , MAMA was also carried out 

on the nontarget liver tissue before and after NMU exposure. These results 

were then compared to the results obtained from mammary tissue. These 

observations suggest that the lower mutation rate for the 

specific G-to-A transitions of the Ha-ras gene and the fact that 

the ras mutants do not acquire a significant growth advantage in 

the liver tissue may contribute to the apparent resistance of liver tissue 

to NMU-induced tumorigenesis. Molecular analysis of NMU- and 

dimethylbenz ( a) anthracene ( DMBA) -induced, and spontaneously 

arising mammary lesions was carried out utilizing denaturant gradient gel 

electrophoresis. None of the 31 spontaneously arising mammary lesions 

carried activated Ha-ras genes. These results suggest that the 

pre-existing ras mutants are specifically promoted during 

NMU-induced tumorigenesis, but not during DMBA-induced, or spontaneous 

tumorigenesis. The conspicuous absence of this G-to-A mutation 

among DMBA-induced and spontaneously arising mammary lesions suggest that 

independent molecular mechanisms are responsible for development of 

mammary lesions in these systems. (Copies available exclusively from MIT 

Libraries, Rm. 14-0551, Cambridge, MA 02139-4307. Ph. 617-253-5668; Fax 

617-253-1690. Abstract shortened by UMI . Not available from University 

Microfilms Int'l.) 
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AB We developed a Mismatch Amplification Mutation Assay 

(MAMA) capable of detecting codon twelve GGA to GAA mutations in 
the Ha-ras-1 gene when present at a frequency of one in 10(5) 
alleles. The MAMA was used to measure the frequency of the activating 
Ha-ras-1 gene mutation in mammary epithelial 

cells (RMECs) of 50 day old, virgin, female Fischer 344 rats, 
before and after exposure to a single carcinogenic dose of 

N-nitroso-N-methylurea (NMU) . The codon twelve G to A transitions arose as 
background mutations in the developing mammary gland and Ha-ras ^ 
mutants were clustered within organ sectors, consistent with their 
origin during mammary gland development. Exposure to a single carcinogenic 
dose of NMU failed to induce a significant increase m the number of 
Ha-ras-1 mutants, the fraction of organ sectors containing 
mutant cells, or the fraction of animals harboring 
mammary epithelial cells with Ha-ras-1 gene 

mutations. Thus, the vast majority of NMU-induced carcinomas arise 
from mammary epithelial cells which harbored Ha-ras-1 oncogenes 
prior to carcinogen exposure. Our results further indicated that NMU 
allows for the outgrowth of pre-existing Ha-ras-1 mutants, and 
that one or more of these clones eventually gives rise to mammary 
carcinomas. Although the target for NMU-induced mutagenesis 
could be composed of a large set of cooperating oncogenes or tumor 
suppressor genes, it was equally plausible that the carcinogenic effect of 
NMU is mediated via nonmutagenic mechanisms. We used Southern blot 
analyses of genomic DNAs digested with either the Hpall or Mspl 
restriction enzymes (methylation sensitive and insensitive isoschizomers , 
respectively) to detect changes in Ha-ras-1 gene DNA methylation 
after treatment of rats with NMU. While these studies failed to detect any 
NMU-induced changes in Ha-ras-1 gene methylation, they did 
reveal the presence of a Hpall/Mspl restriction site within the Ha-ras-1 
promoter region of DNA isolated from RMECs which was refractory to 
digestion by either enzyme. The same site could however be digested with 
Mspl in DNA isolated from liver. We developed a Polymerase Chain Reaction 
(PCR) -based assay which allows us to determine whether the 
Ha-ras-1 gene promoters in DNA isolated from RMECs or liver 
cells were differentially sensitive to agents which preferentially 
cleave single-stranded DNA. Genomic DNAs isolated from RMECs or liver were 
treated with mung bean nuclease or potassium permanganate. The ability of 
these single-strand specific reagents to cleave the Ha-ras-1 promoter 
region was then assessed by measuring the efficiency with which PCR 
primers flanking the Hpall/Mspl site in question amplified a 439 bp 
fragment. The results of these analyses indicated that single-strand 
specific reagents abrogated amplification from RMECs DNA under treatment 
conditions that allowed amplification of liver DNA with an efficiency of 
about 70% per cycle efficiency. These results are consistent with the 
hypothesis that in RMECs, a region of the Ha-ras promoter is involved in a 
topological feature (toposwitch) which renders the DNA refractory to 




digestion by the Hpall and Mspl enzymes. In addition to RMECs, the 
toposwitch was also detected in a subpopulation of lung and spleen 
cells, but not in liver or kidney cells. More 

importantly however, the loss of the toposwitch appears to play a role in 
NMU-induced mammary carcinogenesis. The region of the promoter containing 
the toposwitch became sensitive to Mspl digestion in 100% of NMU induced 
mammary tumors, but remained refractory to digestion m 7 0% of 
DMBA-induced mammary tumors. Exposure of pubescent female rats to a 
carcinogenic dose of NMU initiates the in vivo loss of this 
tissue specific DNA conformation ( toposwitching) in greater than 90% of 
RMECs of exposed animals, with a half life of about seven days. Exposure 
to a carcinogenic dose of dimethylbenz (a) anthracene ( DMBA) 
failed to induce a detectable amount of toposwitching even at 30 days 
after exposure, suggesting that the latter occurs as a late spontaneous 
event in 30% of DMBA- indu (ABSTRACT TRUNCATED) 
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TI The detection of gene mutation in transgenic mice ( 

Muta Mouse) following administration of known 

mutagens (Meeting abstract) . 
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We are currently validating the Muta Mouse positive 
selection (lacZ/galE) assay to detect mutation in a 
tissue using known mutagens/ carcinogens . 2-acetylaminof luorene 
(2-AAF) was administered as a single oral dose at 50 or 100 mg/kg and mice 

I H ' V i'i 28 ' " 112 ^ afteX ^^nt. Cyclophosphamide 
(CPA) was dosed orally at 5 x 40 or 80 mg/kg and sampled at similar 
intervals. Mutation frequencies were determined in DNA from 
liver following 2-AAF and from bone marrow following CPA treatment. A 
mutagenic response was observed in mice treated at 100 mg/kg 
2-AAF seen from 28 up to 112 days after the single exposure. A small 
effect was seen in bone marrow following 5 x 80 mg/kg CPA treatment only 
at 3 days. Animals were treated with a single oral dose of 
N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) at 50 or 100 mg/kg or 
1-chloromethylpyrene (CMP) at 25 or 50 mg/kg, and sampled 3, 7 and 10 days 
after treatment. Marked dose- and time-dependent increases in 
mutation frequency were seen in DNA from stomachs of MNNG-treated 
animals but not in CMP-treated mice. Other animals were treated topically 

Y !n Sing i e -io P 5 llcation ' in ketone, of 250 or 500 ug MNNG, 5 or 10 ug CMP 
or 40 ug 7 , 12 -dime thylbenz [a] anthracene (DMBA) . Both MNNG and 
DMBA caused marked increases in the mutation frequency in DNA 
from treated skin, whereas only a small effect was seen with CMP. These 
data further demonstrate the potential of such assay systems for 
the measurement of gene mutation induced in 
vivo by direct and indirect-acting mutagens. 
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transformation of BALB/c 3T3 cells: evidence for 
chemical-specific activation and cell type-specific recruitment 
of oncogene in transformation. 
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AB BALB/c 3T3 cells were exposed to 7 , 12-dimethylbenz [a] 

anthracene (DMBA) -and resultant transformed foci were analyzed for 

the presence of A182 T mutation at codon 61 of Ha-ras (a 

mutation found in many DMBA-induced animal tumors). None of the 30 
independently cloned transformed cell lines contained such a 
mutation. In order to see whether DMBA is able to induce this 
mutation in BALB/c 3T3 cells, we developed a method 
sensitive enough to detect this specific mutation at the 
frequency of 10 (-6). Employing this assay, we found time- and 

dose-dependent induction by DMBA of Ha-ras A182 T mutation in 

BALB/c 3T3 cells; for example, 2 wk after exposure to 100 
micrograms/mL DMBA, 1.4 in 1 X 10(4) cells contained this 
specific mutation. On the other hand, other agents that also 
induce BALB/c 3T3 cell transformation, such as 

3-methylcholanthrene (MCA) , 12-0-tetradecanoylphorbol-13-acetate (TPA) , 

N-methyl-N f -nitro-N-nitrosoguanidine (MNNG) , or ultraviolet light, did not 

induce the mutation at detectable frequency (less than 10 (-6)). 

These results suggest that DMBA efficiently induces Ha-ras 

mutation in BALB/c 3T3 cells but that this 

mutation is not recruited in the process of cell 

transformation. A hypothesis of carcinogen-specific mutation of 

Ha-ras gene and its tissue (cell type) -specif ic 

recruitment in carcinogenesis is proposed. 
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mouse skin epidermis before the development of benign tumors. 
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AB An activated Ha-ras oncogene has been consistently found in chemically 
initiated benign and malignant mouse skin tumors, and an 
activated ras oncogene has been shown to initiate the process of 
mouse skin carcinogenesis. However, the exact timing of 
mutational activation of the Ha-ras gene relative to 
application of the chemical carcinogen is not known. A sensitive 
mutation-specific PCR technique was used to experimentally address 
the timing of Ha-ras gene mutational activation. This 
technique can detect mutant Ha-ras alleles in the presence of a 
very large excess of normal ras alleles. Activated Ha-ras genes with 61st 

codon A T mutations were found in the epidermis of mice 1 

week after topical initiation with 7 , 12 -dimethylbenz [a] anthracene 

or mrethane by using this assay. These results were confirmed by 

XbcSl- restriction fragment length polymorphism analysis and direct DNA 

sequencing. One week after initiation is 1-2 months before the appearance 

of benign papillomas that harbor activated Ha-ras oncogenes when the 

initiated mice are promoted with the tumor promoter phorbol 12-myristate 

13-acetate. Our data support the hypothesis that initiated epidermal 

cells containing an activated Ha-ras gene can remain 

dormant in the skin until a tumor promoter induces regenerative 

hyperplasia that allows for outgrowth of these cells with an 

activated ras oncogene to give rise to a benign papilloma. 
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AB A transgenic mouse strain with a high copy number of rescuable 

lacZ sequences was evaluated for its effectiveness in detecting lacZ- 

mutations in selected tissues. Procarbazine, cyclophosphamide, 

ethylnitrosourea, 7, 12 -dimethylbenz [a] anthracene (DMBA) , 

acrylamide and chlorambucil were tested following either single or 

repeated dosing regimens. Bone marrow, liver, skin and testis tissues were 

selected to assess as target sites for mutation. Bone marrow, 

liver and testis tissues were examined for mutation following 

exposures to ethylnitrosourea and chlorambucil. Increased mutant 

frequencies were found for both chemicals in all three tissues. Bone 

marrow tissue was examined for mutation following procarbazine, 

cyclophosphamide and acrylamide exposures, and skin was examined for 

mutation following dermal application of DMBA. Mutation 

induction was observed in all cases. The results obtained from this 

investigation demonstrate the applicability of this transgenic 

mouse as an effective model to detect and analyze gene 

mutation in selected organs including germinal tissues. Studies of 

organotrophic chemical mutagens and carcinogens are possible 

with this model as are studies of the susceptibility of germinal tissues 

to mutagen exposures . 
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Dose-related changes in the profile of ras mutatxons m 

chemically induced CD-I mouse liver tumors. oa „H*r 
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We investigated the role of dosing regimen on ras mutations in 

chemically induced CD-I mouse liver tumors. The spectra of ras 

gene mutations in liver tumors that were induced by 15 

Ha-Mv i d iniections of 7, 12 -dimethylbenz [a] anthracene (DMBA) , 

Saminoa^obenzene (AAB) , N^hydroxy-Z-acetylaminof luorene (N-OH-AAF) or 

N-nitrosodiethylamine (DEN) were compared to those previously obtained for 

tumors induced by a single but higher dose of each carcinogen. The 

principal assay used was a direct tumor analysis involving 

sequencing of polymerase chain reaction (PCR) -amplified tumor DNA; 

additional mutations that were present in only a small fraction 

of tumor cells were detected using a transfection assay 

or a PCR-engineered restriction fragment length polymorphism method. 

Spontaneous liver tumors had a relatively low frequency of ras 

mutations, all found in Ha-ras codon 61, and most of these 

mutations were present in only a small fraction of tumor 

cells. With the exception of multiple-dose DEN, each group of 

Sgle- and multiple-dose carcinogen-induced tumors exhibited a higher 

frequency of ras mutations compared with spontaneous tumors. For 

AAB, N-OH-AAF and DEN, the dosing regimen was found to affect 

significantly the profile of ras mutations. For each of these 

carcinogens, the multiple-dose tumor group (versus single-dose group) had 

fewer Ki-ras and N-ras mutations and more tumors in which the 

Ha-ras codon 61 (C— >A) mutation was present in a large fraction 

of cells. Our results demonstrate that the dosing procedure can 

materially affect the pattern of ras gene mutation m 

mouse liver tumors . 
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AB In order to analyze the mutational events and to understand the 
biological significance of the p53 gene in chemical 
carcinogenesis, we applied a new yeast-b^ased p53 functional assay 
to ovarian tumors induced by 7, 12 -dime thylbenz [a] anthracene 
(DMBA) , as well as to transitional cell carcinomas of the 

urinary bladder induced by N-butyl-N- (4-hydroxybutyl) nitrosamine (BBN) in 
rats. The assay demonstrated that 15 of 19 DMBA induced tumors 
harbored clonal p53 mutations, which is consistent with the 
expectations of the "clonal expansion" hypothesis. The majority of the 
mutations were purine (AG) to pyrimidine (CT) transversions 
(12/19) on the non-transcribed (sense) strand (NTS), which is likely to be 
due to depurination created by DMBA adduct formation on the NTS. In 
contrast, we found no pyrimidine to purine [corrected] transversion on the 
NTS. After cessation of BBN treatment, BBN-induced multifocal lesions in 
the bladder contained heterogeneous p53 mutations at an early 
stage. In the later stage, however, clonal p53 mutations were 
identified in 4 out of 7 bladders analyzed, conforming with the concept of 
"field cancerization". The observed base substitutions were G — >A (1/6) or 
c __ >T transitions (2/6), and mutations at T (3/6) on the NTS in 
clonal mutations, together with non-clonal mutations, 

showing a preference of C— >T to G— >A (17 vs. 0). Thus, preferential 
repair was found in the transcribed strand of the p53 gene, 
whether modified by DMBA or by BBN carcinogens. Very similar 
mutation patterns were observed between clonal and non-clonal 
mutations in the DMBA- and BBN-induced tumors, indicating that the 
rat yeast p53 functional assay can be a potential tool 
for the characterization of in vivo mutation patterns 
of p53, when modified by chemical carcinogens. 
Copyright 1999 Wiley-Liss, Inc. 
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AB The induction of gene mutations was examined in 

MutaMouse after an intraperitoneal injection of 7, 

8-dimethylbenz [a] anthracene ( DMBA) at 20 rag/kg in a DMBA 

collaborative study participated by f our laboratories Although the DMBA 

dose used was lower than the level that has been reported to induce 

micronucleated erythrocytes maximally in several mouse strains, 

a Smng effect appeared after day 9 of the post-treatment interval. 

Mutations in lacZ transgene were detected by the positive 

selection assay following in vitro packaging of P^ge lambda 

from the genomic DNA of the transgenic animals that survived. The 

™,* a r,t induction was evaluated in the bone marrow, liver, skin, 

£5£ kidnet thymus, and testis 7 to 28 days after the treatment. In the 

bone marrow, the mutant frequency reached a maximum, 

approximately a 30-fold increase, 14 days after the treatment and the 
Screed frequency persisted at least up to day 28 of the post-treatment . 
Induction of mutants was detected in the liver, colon thymus 
and skin to lesser extents. Marginal responses were obtained in the kidney 
and testis. The slight increases in the mutant frequencies in 
the kidney and testis observed in some laboratories were "^"V 
laboratory-to-laboratory or animal-to-animal variations. In contrast to 
the gene mutation induction in the bone marrow, the 

frequency of micronucleated reticulocytes increased transiently 3 days 
aft« the treatment and returned to a control level before day 8 of the 
post-treatment. It was suggested that DMBA induced gene 
mutation is fixed in stem cells depending on 

™11 proliferation while DNA damages responsible for chromosome 
breakage are not transmitted to progeny cells. 
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AB Centchroman (CC) , a non-steroidal oral contraceptive and a candidate drug 
for breast cancer, has been reported to exhibit partial to complete 
remission of lesions in 40.5% of breast cancer patients. The potent 
anti-oestrogenic activity, negligible side-effects and anti-breast cancer 
activity of CC prompted us to evaluate the antimutagenic effects of this 
compound in a bacterial mutagenicity assay and 
CHO/HPRT and AS52/GPT mutation assays in vitro and in 
vivo in female Swiss albino mice as measured by both sister 
chromatid exchange (SCE) and chromosome aberrations (CA) against three 
known positive mutagen compounds, dimethylbenz [a] 
anthracene (DMBA) , cyclophosphamide (CP) and mitomycin C (MMC) . 
Antimutagenicity assays in Salmonella strains TA9 7a, TA100, TA98 and TA102 
were carried out against commonly used known positive mutagens, 
sodium azide, 4-nitro-o-phenylenediamine, cumine hydroperoxide, 
2-aminof luorene and danthron. A significantly reduced number of bacterial 
histidine revertant colonies was observed in the plates treated with 0.1, 
1, 5 and 10 microg/plate CC and a positive compound when compared with 
bacterial plates treated with the respective positive compound alone. 
Ethyl methanesulf onate (EMS) , a commonly used positive mutagen 
for CHO/HPRT and AS52/GPT gene mutation assays, was 
used for antimutagenicity assay in these cells. CC 
exhibited protective effects against the mutagenicity of EMS in 
these two mammalian cell mutation assays, CHO/HPRT and 
AS52/GPT. In the in vivo studies, pretreatment with CC reduced 
DMBA-induced SCE and CA and CP- and MMC-induced CA when compared with the 
group treated only with the positive compounds. These results indicate 
that CC can reduce the mutagenic effects of known genotoxic 
compounds . 





L21 
AN 



ANSWER 5 OF 56 
2000299169 



MEDLINE 



MEDLINE 



DN 20299169 PubMed ID: 10838135 

TI Mutational spectra for polycyclic aromatic hydrocarbons in the 

supF target gene. 
AU Bigger C A; Ponten I; Page J E; Dipple A 

CS Chemistry of Carcinogenesis Laboratory, Basic Research Program, Advanced 

Bioscience Laboratories, Frederick Cancer Research and Development Center, 
National Cancer Institute, Frederick, MD 21702, USA., biggera@cder.fda.gov 

SO MUTATION RESEARCH, (2000 May 30) 450 (1-2) 75-93. Ref: 77 
Journal code: 0400763. ISSN: 0027-5107. 

CY Netherlands 

DT Journal; Article; (JOURNAL ARTICLE) 

General Review; (REVIEW) 

(REVIEW, TUTORIAL) 
LA English 
FS Priority Journals 
EM 200007 

ED Entered STN: 20000810 

Last Updated on STN: 20000810 

Entered Medline: 20000727 
AB An SV40-based shuttle vector system was used to identify the types of 

mutational changes and the sites of mutation within the 

supF DNA sequence generated by the four stereoisomers of 

benzo[c]phenanthrene 3 , 4-dihydrodiol 1,2-epoxide (B[c]PhDE), by racemic 
mixtures of bay or fjord region dihydrodiol epoxides (DE) of 
5-methylchrysene, of 5, 6-dimethylchrysene, of benzo [ g] chrysene and of 
7-methylbenz [a] anthracene and by two direct acting polycyclic 
aromatic hydrocarbon carcinogens, 7 -bromomethylbenz [a] anthracene 
(7-BrMeBA) and 7-bromomethyl-12-methylbenz [a] anthracene 
( 7-BrMe-12-MeBA) . The results of these studies demonstrated that the 
predominant type of mutation induced by these compounds is the 
base substitution. The chemical preference for reaction at deoxyadenosine 
(dAdo) or deoxyguanosine (dGuo) residues in DNA, which is in general 
correlated with the spatial structure (planar or non-planar) of the 
reactive polycyclic aromatic hydrocarbon, is reflected in the preference 
for mutation at A&z.ccirf;T or G&z.ccirf;C pairs. In addition, 
if the ability to react with DNA in vivo is taken into account, 
the relative mutagenic potencies of the B[c]PhDE stereoisomers 
are consistent with the higher tumorigenic activity associated with 
non-planar polycyclic aromatic hydrocarbons and their extensive reaction 
with dAdo residues in DNA. Comparison of the types of mutations 
generated by polycyclic aromatic hydrocarbons and other bulky carcinogens 
in this shuttle vector system suggests that all bulky lesions may be 
processed by a similar mechanism related to that involved in replication 
past apurinic sites. However, inspection of the distribution of 
mutations over the target gene induced by the different 

compounds demonstrated that individual polycyclic aromatic hydrocarbons 

induce unique patterns of mutational hotspots within the target 

gene. A polymerase arrest assay was used to determine 

the sequence specificity of the interaction of reactive polycyclic 

aromatic hydrocarbons with the shuttle vector DNA. The results of these 

assays revealed a divergence between mutational hotspots and 

polymerase arrest sites for all compounds investigated, i.e., sites of 

mutational hotspots do not correspond to sites where high levels 

of adduct formation occur, and suggested that some association between 

specific adducts and sequence context may be required to constitute a 

premutagenic lesion. A site-specific mutagenesis system 

employing a single-stranded vector (M13mp7L2) was used to investigate the 
mutational events a single benzo [a] pyrene or benzo [ c] phenanthrene 
dihydrodiol epoxide-DNA adduct elicits within specific sequence contexts. 



These studies showed that sequence context can cause striking differences 
in mutagenic frequencies for given adducts . In addition, these 
sequence context effects do not originate only from nucleotides 
immediately adjacent to the adduct, but are also modulated by more distal 
nucleotides. The implications of these results for mechanisms of 
polycyclic aromatic hydrocarbon-induced mutagenesis and 
carcinogenesis are discussed. 
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AB Recently, we evaluated lad mutations in lymphocytes and mammary 
tissue of Big Blue (BB) rats exposed to 7, 12-dimethylbenz [a] 
anthracene (DMBA) . The results on the time course of 
mutant induction suggested that the lad gene may 
manifest a tissue-specific increase in mutant frequency (MF) . To 
test whether a tissue-specific increase in lad MF is dependent on the 
cell proliferation rate of a tissue, we examined rapidly 
proliferating bone marrow cells for DMBA-induced lad 
mutations. Seven-week-old female BB rats were given single doses 
of 0, 20, and 130 mg/kg DMBA by gavage and the lad MFs in the bone marrow 
were measured over a period of 14 weeks following treatment. Bone marrow 
cells had a remarkably low average background MF (3.1 +/- 1.6 x 
10 (-6) plaque- forming units) and the DMBA-induced lad MFs were 
significantly higher than control MFs for both doses and at all time 
points (P < 0.01). The lad MF in the bone marrow increased for 2 weeks 
and then remained relatively constant; 20 and 130 mg/kg DMBA produced 34- 
and 106-fold increases in MF over control MF. DNA sequencing revealed that 
the .majority of DMBA-induced lad mutations were base-pair 
substitutions and that A: T — > T : A (48%) and G:C — > T : A (24%) 
transversions were the predominant types. Thus, the different lad 
mutation fixation times observed for bone marrow (2 weeks), 
mammary (10 weeks), and lymphocytes (6 weeks) suggest that the lad 
gene manifests a tissue-specific mutation fixation time, 
which may depend on the cell proliferation rate of a tissue. In 
addition, the relatively low spontaneous MF in bone marrow compared with 
that in other tissues may be useful for increasing the sensitivity of the 
assay for detecting induced MFs in BB rats . 
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AB 7, 12-Dimethylbenz [a] anthracene (DMBA) is a rodent carcinogen and 
a potent in vivo mutagen for the X-linked hypoxanthine 
guanine phosphoribosyl transferase (hprt) gene of rats and for 
the lad transgene of Big Blue mice and rats. Although DMBA is also a 
powerful clastogen, molecular analysis of these DMBA-induced hprt and lad 
mutations indicates that most are single base-pair (bp) 
substitutions and 1- to 3-bp frameshifts. In the present study, we 
evaluated the types of mutations induced by DMBA in the 
autosomal thymidine kinase (Tk) gene of Tk{+/-) mice. Male and 
female 5- to 6-week-old animals were injected i.p. with DMBA at a dose of 
30 mg/kg. Five weeks after the treatment, hprt and Tk mutant 
frequencies were determined using a limiting dilution clonal assay 
in 96-well plates. We established conditions for the automated 
identification of wells containing expanded lymphocyte clones using the 
fluorescent indicator alamarBlue. This procedure allowed the unbiased 
identification of viable clones and calculation of mutant 

frequencies. In male mice, DMBA treatment increased the frequency of hprt 

mutants from 1.8 +/- 1.1 to 34 +/- 9 x 10 (-6), and Tk 

mutants from 33 +/- 12 to 78 +/- 26 x 10 (-6); treated female mice 

had a significant but lower increase in hprt mutant frequency 

than did males. Molecular analysis of DMBA-induced Tk mutants 

revealed that at least 75% had the entire wild-type Tk allele missing. The 

results indicate that the predominant types of DMBA-induced 

mutation detected by the autosomal Tk gene are different 

from those detected by the X-linked hprt gene. The Tk 

gene mainly detects loss of heterozygosity mutation, 

whereas the majority of mutations previously found in the hprt 

gene were point mutations. 



